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| INTRODUC TI ON
The neotropical primate species Sapajus libidinosus, commonly known as Bearded Capuchin, is one of the New World monkeys belonging to the Cebidae family. 1 They are omnivores, that is, they consume various types of foods, such as fruits, seeds, flowers, eggs, invertebrates, and small vertebrates. As adults, these animals weigh between 2 and 5 kg and can live to be 50 years old in captivity. 2 In Brazil, bearded capuchins are scattered throughout the Atlantic Forest and Cerrado, primarily inhabiting the Caatinga. 3, 4 The S. libidinosus species has diurnal habits, a variable behavioral repertoire, 5 intellectual skills, and agility. These characteristics have aroused the interest of traffickers, making this species a target of the illegal trade of primates from Brazil. As such, because of the confiscation and voluntary surrender of animals to CETAS (Wild Animals Screening Center) 6 and zoos, there is an increasing number of S. libidinosus in the few available captivity facilities. Thus, it is essential for veterinarians in these locations to have baseline data of various normal clinical parameters for this species in order to obtain proper diagnosis and treatment when faced with a disease in any system. The large number of these animals in captivity is also an opportunity to perform studies to collect data on the physiology of multiple systems, as well as to identify experimental models for comparative studies, since New World primates are becoming an interesting option for comparative ophthalmology studies. 7 Ophthalmology is becoming an essential specialty for maintaining healthy eyes in wild animals and exotic species. 8 However, basic studies on eye physiology in some species of wild animals, especially those from South America, are still incipient, and baseline values for primates are particularly lacking. 9 Over the years, normal baseline values have been investigated and reported for the Schirmer tear test (STT), intraocular pressure (IOP), and anatomical eye measurements.
Descriptions of the ocular microbiota and characterizations of the conjunctival cells in some species of wild and exotic animals have also been performed. [10] [11] [12] [13] [14] [15] [16] [17] [18] However, baseline data on these parameters
have not yet been reported for the bearded capuchin (S. libidinosus).
This scarcity of baseline data makes it difficult to diagnose and treat eye diseases properly in this species, despite the availability of reference values for other capuchin monkeys from the Sapajus apella (black-capped capuchin) 7 and Sapajus xanthosternos (buff-headed capuchin) 15 species. For ophthalmic tests, the basal physiological values for these two species of capuchin monkeys do not aid in the diagnosis of eye diseases in the S. libidinosus species. This is because the results of the STT and IOP vary considerably between species, as well as between individuals of the same family, and cannot be extrapolated even between closely related species. 10, 11 In this sense, the assessment of eye-related issues in the bearded capuchin requires gathering descriptive data and determining normal reference values for ophthalmic tests.
Therefore, due to the existing knowledge gap in ophthalmology of the bearded capuchin (S. libidinosus), the present objective was to determine the baseline values for STT, IOP, and ocular biometry, as well as to describe the aerobic bacterial microbiota of the eye, and to characterize the conjunctival cells in that species.
| MATERIAL S AND ME THODS

| Animals
The study was authorized by the Biodiversity Authorization and 
| Schirmer tear test 1
The STT was performed before other analyses, so that tear production would not be influenced by eyedrops or clinical maneuvers. The aqueous portion of the tear film was measured in both eyes using standard millimeter-marked sterile absorbent paper strips for STT-1 (Schirmer test®; Ophthalmos Formulae, São Paulo, SP, Brazil).
| Microbiological analysis of the conjunctiva
The samples were obtained aseptically with the aid of a dry sterile swab via careful friction of the right eye conjunctival fornix, avoiding contact with the fur and eyelid margins.
Immediately after the collections, the swabs were inserted in and sheep blood agar at 5%, in that order, and incubated at 37°C
in an aerobic environment for 24-48 hours. After the growth of the bacterial colonies, catalase, coagulase, and oxidase tests were performed. Enterobacteriaceae were identified using a commercial kit (Bactray®; Laborclin, Pinhais, Brazil).
| Intraocular pressure
The IOP of both eyes was measured using a portable applanation tonometer (Tono-Pen AVIA®; Reichert Technologies, Buffalo, NY, USA) positioned in the center of the cornea after instillation of proxymetacaine hydrochloride-based anesthetic eyedrops at 0.5% (Anestalcon®;
Alcon Laboratórios do Brasil, São Paulo, Brazil). The IOP was measured three times in each eye, and mean IOP values were calculated.
| Conjunctival exfoliative cytology
While the topical anesthesia used for obtaining IOP was still in effect, samples of conjunctiva were collected by using a sterile cytology brush (Kolplast Ci Ltda; Itupeva, São Paulo, Brazil) through careful scrubbing of the lower conjunctival fornix of the left eye, as previously described. 16, 17 The samples were then spread on glass slides, dried at room temperature, dyed by using the Quick Panoptic method, and then evaluated via direct optical microscopy, with a magnification of 40× and 100×. Macroscopically, no lesions were observed in the conjunctiva after the collection.
| Ocular ultrasound
The ocular B-mode ultrasound was performed on both eyes using an M-Turbo® ultrasound (Fujifilm SonoSite Ltda; Bothell, WA, USA), model HFL 38×, equipped with a linear multifrequency transducer (6-13 MHz). The transducer was positioned on a thick layer of acoustic gel applied to the surface of the closed eyelid.
The biometric measurements were acquired in the axial horizontal plane in the following order: axial length of the eyeball (ALE), depth of the anterior chamber (DAC), axial length of the lens (ALL), and depth of the vitreous chamber (DVC; Figure 1 ).
| Statistical analysis
The data were subjected to an analysis of variance (P ≤ 0.05) applying the F test. For statistical analyses, sas (Statistical Analysis System), version 9.3, was used. The means were generated using the Tukey test.
| RE SULTS
| Schirmer tear test 1
The mean value obtained for the STT-1 was 2.50 ± 2.94 mm/min.
There was no significant difference in the mean values of the STT between males and females (P = 0.53), between the right eye and the left eye (P = 0.95), or in relation to body weight (P = 0.17).
| Intraocular pressure
The mean IOP was 13.3 ± 3.32 mm Hg. There was no significant difference between the mean values obtained for males and females (P = 0.06), or for the right and left eyes (P = 0.87), but IOP values decreased linearly with an increase in weight (P = 0.0004; Figure 2 ).
| Microbiological analysis
Bacterial organisms were identified in 100% of the samples. 
| Conjunctival exfoliative cytology
The conjunctival samples showed high cellularity, with predomi- In addition, a small number of lymphocytes, neutrophils, and free-living and intracytoplasmic bacteria were observed. Rare erythrocytes were present, although no conjunctival microtraumas were seen after sample collection (Figure 3 ).
| Ocular ultrasound
The mean value of the DAC was 2.47 ± 0.41 mm. There was no significant difference between the right and left eyes (P = 0.76) or in relation to body weight (P = 0.70). However, a difference was observed between the mean values for males and females (P = 0.0004; Table 2 ).
A mean value of 2.86 ± 0.96 mm was obtained for the ALL;
10.97 ± 0.48 mm for the DVC; and 16.32 ± 1.24 mm for the ALE.
There was no significant difference in the values for DVC, ALL, and ALE between males and females, between the right and left eyes, or in relation to weight (P < 0.05).
| D ISCUSS I ON
The neotropical primate species S. libidinosus has been suffering due to illegal trade and the loss and fragmentation of its natural habitat. These animals are weak when they arrive at recovery centers or zoos. They may also be carrying various diseases, including ocular diseases, which are not diagnosed efficiently due to the lack of reference data for ophthalmic diagnostic tests. not observed in rhesus monkeys. 19 It is known that the larger volume of the anterior chamber of the eye is directly related to a higher drainage rate of the aqueous humor and lower IOP. 23 Although it was observed in this study that the DAC of the S. libidinosus was significantly higher in males, this greater depth did not lead to differences in IOP between males and females.
The use of chemical restraint can influence IOP values. 10 It is suggested that the low IOP values in anesthetized animals result from the relaxation of the extraocular muscles and from the decrease in episcleral blood pressure. 11 However, these effects seem to vary according to the drug used. No significant changes were observed in this parameter following the use of ketamine in cynomolgus monkeys (Macaca fascicularis) 24 and rhesus monkeys (M. mulatta).
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Ketamine is therefore considered the first choice of anesthetic for IOP studies in monkeys. 25 The lack of IOP values for the S. libidinosus without the use of chemical restraint makes it impossible to determine the potential effects of the association of ketamine and detomidine on IOP.
The measuring of tear production by using the STT-1 is an important part of the ophthalmic examination and aims at evaluating the aqueous component of the tear film. 26 The mean value of the STT-1 obtained in this study is significantly different from the value found for other primates, such as rhesus monkeys (M. mulatta, 15.1 mm/ min), 27 squirrel monkey (Saimiri sciurueus, 16.9 ± 1.2 mm/5 min), 28 and two species of capuchin monkeys, S. apella (14.9 ± 5.1 mm/min) 7 and Cebus xanthosternos (14.9 ± 5.5 mm/min). 15 Differences found in the values of the STT-1 between animals of the same family were also discussed in other studies with wild animals. 11, 16, 29 It was suggested that some conditions, including specific differences between species, level of stress during capture, anesthetic protocols, environmental factors, living conditions in the wild or captivity, age, and time of day might influence the results of the STT. 11, 16, 29 The animals in this study were given a preanesthetic agent.
Performing ocular measurements without the use of chemical restraint would have been impracticable because the animals were not accustomed to frequent handling. Thus, it is suggested that, when considering STT-1 values, the possible effects of the preanesthetics on tear production should be kept in mind. Ketamine, one of the drugs used in this investigation, caused no changes in the STT results for rhesus monkeys. 27 However, in dogs, a significant decrease in tear production was observed after intravenous administration of medetomidine. 30 Medetomidine is a drug similar to detomidine, which was used in this study. In eagles, the association of ketamine and medetomidine significantly decreased tear production. 31 Therefore, it is possible that the low STT-1 values in this investigation may result from the influence of these drugs on tear production, since no ocular changes consistent with these low values were found. The stress related to the animals' capture might have also contributed toward low tear production. However, veterinarians who work with members of the species S. libidinosus need some form of sedation to be able to carry out a full ophthalmic examination unless these animals are severely debilitated or accustomed to handling. Thus, the data obtained in this study, even if influenced by factors related to the handling during capture and sedation, will aid professionals interested in baseline values using a similar protocol.
When looking at the conjunctival microbiota, it was observed that bacteria of the Staphylococcus sp. genus were isolated in a greater number of eyes in bearded capuchins. This is consistent with the results obtained in some species of neotropical primates. 15 Oriá et al 15 concluded that bacteria of this genus can be considered the main residents of the normal ocular microbiota in neotropical primates. It is known that gram-positive bacteria are constantly identified and considered normal constituents of the skin surface and mucous membranes microbiota, such as the conjunctiva. 7 However, they are opportunistic and may become pathogenic under some circumstances. 7 In a study with free-living capuchin monkeys from the 38 Although epithelial cells with melanocytic pigments within the cytoplasm were found in bearded capuchins studied, the hypothesis of chronic eye diseases is discarded because the presence of these cells on their own, without clinical signs of inflammation, does not characterize a chronic disease or keratoconjunctivitis sicca. Also, a small number of lymphocytes, neutrophils, and bacteria can be considered normal even in the absence of clinical signs of eye diseases. 39, 40 Ocular ultrasound has been reported in some species of wild and exotic animals. 12, 13, 40 Mean values obtained for DAC, DVC, lens thickness, and ALE were remarkably similar to those found in rhesus monkeys (M. mulatta). 41 In that study, 41 male rhesus monkeys had higher values regarding measurements of the lens, vitreous chamber, and axial length of the eye compared to females. As previously mentioned, the only difference in the S. libidinosus was the significantly larger DAC in males.
The baseline values for the ophthalmic tests and dimensions of the optical components obtained in this study, as well as the description of the aerobic bacterial microbiota and characterization of conjunctival cells, may aid in the diagnosis and appropriate treatment of eye disorders in the bearded capuchin (S. libidinosus).
Moreover, in the scientific field, these baseline data have great value for comparative ophthalmology, since it is believed that these animals may be used as biological models for the study of eye diseases.
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